Introduction:
Since 2000 all service providers in the German healthcare system are legally obliged to take part in quality assurance (QA) procedures as stipulated in Book Five of the German Social Code. Clinical cancer registries provide methodological tools to assess the quality of structures, processes and outcomes. The aim of this study was to analyze the consequences of guidelineconcordant treatment using two examples of quality indicators: endocrine therapy (adjuvant hormonal therapy, AHT) to treat patients with steroid hormone receptor (SHR)-positive breast cancer and trastuzumab therapy to treat patients with HER2-positive breast cancer. Material and Methods: Data from the Tumor Center Regensburg (Bavaria, Germany) included all female patients listed in the registry with primary, non-metastatic invasive breast cancer diagnosed between 2000 and 2012.
Results: A total of 6164 patients with invasive breast cancer and known HER2 status were analyzed. 1134 patients (18.4 %) had HER2-positive and 5346 patients (86.7%) had SHR-positive breast cancer. Premenopausal patients with HER2-positive breast cancer receiving trastuzumab had a 7-year OS rate of 93.8 % compared to 86.8 % of patients who did not receive trastuzumab (p = 0.079). Similarly, postmenopausal patients with HER2-positive breast cancer treated with trastuzumab had better 7-year OS rates (87.3 %) than patients who did not receive the antibody (76.7 %) (p < 0.001). Premenopausal patients with SHR-positive breast cancer receiving AHT had a 7-year OS rate of 95.2 % compared to 75.9 % of patients who did not receive AHT (p < 0.001). Equally, postmenopausal patients treated with AHT had a 7-year OS rate of 83. 8 Since 2000 all service providers in the German healthcare system are legally obliged to take part in quality assurance (QA) procedures as stipulated in Book Five of the German Social Code (SGB V) [1] . Currently, QA procedures are only being implemented in in-patient care. The Federal Joint Committee (Gemeinsamer Bundesausschuss, G-BA) consists of all relevant stakeholders of the German healthcare system. The G-BA is a common platform; it is the highest decision-making authority and sets the standards for QA in healthcare services in Germany [2] . In 2009, the G-BA commissioned the Institute for Applied Quality Improvement and Research in Health Care (AQUA) to implement a nationwide cross-sectoral healthcare QA program. The AQUA Institute is an independent and impartial body that provides QA services [3] . Structured treatment programs, also known as Disease Management Programs (DMP), created by the Association of Statutory Health Insurance Physicians (Kassenärztliche Bundesvereinigung -KBV) have also been implemented as an attempt to improve patient care [4] . Since 2013 clinical cancer registries in Germany have been collecting the data of all oncological diseases from all sectors and processes in accordance with SGB V § 65c.
Types of QA
Book Five of the German Social Code ( § 137 a SGB V) lists three approaches for QA: assessment of process quality, structural quality, or outcome quality [1] . This quality-of-care framework is based on the work of Avedis Donabedian [5] . " Process quality refers to the way how output is achieved. It includes all medical, custodial and administrative services that are involved, directly or indirectly, in the immediate provision of healthcare services. Process quality looks at the implementation of standards and guidelines such as the German interdisciplinary S3 Guidelines for Diagnosis, Treatment and Follow-up Care of Breast Cancer (updated version 07/2012, register number 032-045OL of the Association of Scientific Medical Societies, AWMF) [6] or the S3 Guideline on Diagnostics, Therapy and Follow-up of Malignant Ovarian Tumors (updated version 06/2013, register number 032/035OL) [7] . " Structural quality focuses on the general framework of medical care, for example, the establishment of certified breast cancer centers [8] . It focuses both on human resources including skills, competence and staff qualifications and on material resources such as infrastructure and equipment. Organizational and financial resources are also included. " Outcome quality is defined as the extent to which objectives are achieved and target agreements are complied with, which serve as indicators of the quality of results. This means changes in the current and future status of patientsʼ health which are attributable to medical and administrative practices, e.g. changes in mortality and survival rates [9] . All three quality dimensions interact with and influence each other. Structures act on processes; these determine the quality of outcomes, which in turn lead to changes in the scheduling of processes and structures. The quality in different sectors is measured. Measurement is done using quality indicators (QIs) defined in various guidelines [10] . The QIs in guidelines serve as the basis for the definitions of the QIs used by AQUA and DMP. The AQUA Institute measures QIs in in-patient care. DMPs monitor QIs in in-patient and outpatient care. In addition to QIs extrapolated from specific guidelines, QA as implemented by the optional framework of certified cancer centers also serves to monitor structural QIs and assess the functionality of networks.
Impact and tasks of clinical cancer registries
However, the evaluation of outcome quality is difficult as it cannot be measured independently. Certified breast and gynecological cancer centers try to obtain information about follow-up care, but data collection is time-consuming, expensive, and often incomplete. Moreover, the flow of information is neither continuous nor independent. Clinical cancer registries are a solution to these problems. Clinical cancer registries are professional independent facilities that record all important data collected in the course of cancer diagnosis and treatment [11] . Following a stringent protocol, clinical cancer registries offer a cross-sectoral documentation of breast cancer, gynecological cancers, and all major cancers for a population in a defined area. Information on diagnosis, course of disease, treatment, follow-up, recurrence, survival, and death are documented. All service providers involved in the care of cancer patients are obliged to transfer data to the clinical cancer registries. Using medical reports, pathology and follow-up records, these population-based data are routinely documented and fed into the registry [12] . Such a comprehensive data pool makes it possible to analyse the structures of patient-centered care. Consequently, clinical cancer registries are at the heart of QA for cancer patientsʼ care [13] . The German law on cancer screening and QA created the judicial and financial framework for the establishment of clinical cancer registries (Law on the Continued Development of Early Cancer Detection and Quality Assurance Through Clinical Cancer Registries, KFRG SGB V) [14] . Uniform and efficient data collection is essential, and this is also one of the objectives of the National Cancer Plan [15] .
Another key aspect of clinical cancer registries is passing on data from the follow-up of cancer patients and on survival rates to healthcare providers. Regular data analysis including benchmarking can reveal general or local deficits which may indicate a need for revision and provide a basis for suitable measures to improve patient care. For example, sentinel lymph node biopsy (SLNB) has become the standard of care for breast cancer patients with clinically negative axilla. SLNB was demonstrated to be equivalent to axillary dissection in terms of local control in SLNnegative patients [16] . Moreover, patient morbidity after SLNB is significantly lower compared to axillary dissection, resulting in a better quality of life [6] .
In the present study we examined two QIs in breast cancer that are documented by clinical cancer registries: endocrine therapy in patients with steroid hormone receptor (SHR)-positive cancer and trastuzumab administration in patients with HER2-positive breast cancer [17] . The objective of these QIs is defined as providing endocrine therapy (AHT) to as many SHR-positive breast cancer patients as possible and providing one year of trastuzumab viders to generate data that are essential for QA for breast cancer patients.
verschiedenen Leistungserbringer im Gesundheitssystem und liefert Daten, die essenziell für die Qualitätssicherung von Brustkrebspatientinnen sind. therapy to as many patients with HER2-positive breast cancer as possible. The aim of this study was to analyze the effects of the (non-)fulfillment of QIs.
Material and Methods

!
Database
Data were obtained from the Tumor Center Regensburg (Bavaria, Germany), a population-based regional cancer registry covering a population of more than 2.2 million people in the Upper Palatinate and Lower Bavaria. The Clinical Cancer Registry Regensburg was established in 1991 and currently has data on the follow-up of almost 250 000 patients. Patient data were collected from 53 regional hospitals, the University Hospital Regensburg, and more than 1000 doctors in private practice. Mortality data were obtained from all regional registry offices [18] .
In Bavaria, the law on the Bavarian Epidemiological Cancer Registry (Gesetz über das bevölkerungsbezogene Krebsregister Bayern -BayKRG, regularly amended) ensures that data acquisition is continuous and carried out according to standard procedures by an epidemiological cancer registry. The aim of the law is to regulate cancer control and improve the quality of data on cancer epidemiology. The Bavarian Epidemiological Cancer Registry is legally obliged to provide anonymous data for scientific studies. Informed consent is given in accordance with the Declaration of Helsinki and is indispensable for data storage. Every physician must inform patients about the intended or implemented transmission of data to the registry. Patients also receive written information about these procedures. Every patient has the right to object to the storage of his or her data at any time.
Inclusion and exclusion criteria
The present analysis included all female patients in the registry with primary, non-metastatic (M0) invasive breast cancer diagnosed between January 2000 and December 2012 (13 years). Patients were followed-up until May 2013. Exclusion criteria were male gender, ductal carcinoma in situ (DCIS), neoadjuvant treatment, and distant metastasis at primary diagnosis or in the course of disease. 
Statistical methods
Results
!
Patient cohort
Data for a total of 6164 patients with invasive breast cancer according to the ICD-10 classification (C50) and with known HER2 status were extracted for statistical analysis. Of these patients, 1387 patients (22.5 %) were premenopausal and 4777 patients (77.5 %) were postmenopausal. 5030 patients (81.6 %) had HER2-negative disease, and 1134 patients (18.4%) had HER2-positive (overexpression and/or amplification) breast cancer. Detailed information on patient characteristics and histopathology according to HER2 status are presented in l " Table 1 . Statistically significant differences between HER2positive and HER2-negative patients were found for all tested parameters (p < 0.001). 5346 patients (86.7 %) had SHR-positive breast cancer, i.e., estrogen receptor (ER) and/or progesterone receptor (PR) positive disease. Of these patients, 1147 patients (21.5 %) were premenopausal and 4199 patients (78.5%) were postmenopausal. A detailed description of the analysis of HER2 expression was given in a previous study published by our group [18] .
Trastuzumab therapy in patients with HER2-positive breast cancer
Overall, only 43.6 % (n = 133/305) of premenopausal and 30.9 % (n = 256/829) of postmenopausal patients with HER2-positive breast cancer received trastuzumab. Since trastuzumab was approved for adjuvant therapy in 2006, the number of patients with HER2-positive breast cancer receiving the antibody has risen continuously. The percentage of premenopausal patients receiving trastuzumab therapy increased from 58 % in 2006 to 91% in 2011. In contrast, the rate for postmenopausal patients receiving trastuzumab has remained almost constant at around 50% [18] . Guideline-concordant therapy has resulted in improved survival rates for both pre-and postmenopausal patients (l " Figs. 1 a and  b) . Premenopausal patients with HER2-positive breast cancer receiving trastuzumab had a 7-year overall survival (OS) rate of 93.8 % compared to 86.8 % for patients who did not receive trastuzumab (p = 0.079) (l " Table 2) . Similarly, postmenopausal HER2-positive patients treated with trastuzumab had better 7year OS rates (87.3 %) than patients who did not receive the antibody (76.7 %) (p < 0.001).
AHT in patients with SHR-positive breast cancer
More than 85.0 % patients with SHR-positive breast cancer, some premenopausal (86.1 %, n = 988/1147) and some postmenopausal (85.2 %, n = 3578/4199), received AHT. Here too, guideline-concordant therapy resulted in better survival rates (l " Table 3 ). Premenopausal patients who were SHR-positive and received AHT had a 7-year OS rate of 95.2 % compared to 75.9 % of patients who did not receive AHT (p < 0.001) (l " Fig. 2 a) . Equally, postmenopausal patients treated with AHT had a 7-year OS rate of 83.8 % compared to 64.1 % for patients who did not receive AHT (p < 0.001) (l " Fig. 2 b) .
Discussion
!
Using data from a population-based regional cancer registry we were able to analyze guideline-concordant patient care in routine clinical practice. Guideline-concordant treatment led to higher OS, both for patients with HER2-positive and patients with SHRpositive breast cancer. Nevertheless, a considerable number of patients with HER2-positive breast cancer did not receive adequate treatment. Similar to our results, a cohort study by the National Comprehensive Cancer Network (NCCN) demonstrated that, overall, only 44% of patients with HER2-positive breast cancer received neoadjuvant or adjuvant trastuzumab, although the proportion of patients receiving trastuzumab increased over time [19] . However, guideline-concordant therapy was shown to be correlated with improved survival rates in previous studies, which is also in accordance with our results [20, 21] . In our study, more than 85.0 % of patients with SHR-positive breast cancer, both premenopausal and postmenopausal, received AHT. This finding is comparable to previous findings in a study on breast cancer patients: 11% of patients never initiated therapy and 15 % discontinued treatment prematurely [22] . However, low adherence to AHT treatment is associated with a higher risk of mortality [23] . Book Five of the German Social Code mandates three types of QA for cancer patients through the assessment of process, structural, and outcome quality [1] . There are a number of distinct and defined measures which can be used to improve process quality and structural quality, for example, by implementing guidelines or establishing certified breast cancer centers. Nevertheless, there are still some deficits with regard to the objective evaluation of outcome quality which can be handled with the help of clinical cancer registries. The main task of clinical cancer registries is the analysis of submitted data and the subsequent feedback of results to healthcare providers. The findings from clinical cancer registries are important for quality control, for example, information on adherence to guidelines. Moreover, the insights obtained with this information make it possible to compare the quality of different treatment facilities and detect unjustifiable differences in quality between facilities. This can then be used to implement procedures to improve quality. Clinical cancer registries compile and analyze standardized cross-sectoral information on the diagnosis, treatment, and follow-up of malignant cancers. By compiling and analyzing this data, all three aspects of QA are documented: process quality (e.g., adherence to standards of treatment), structural quality, and outcome quality (e.g., overall survival and disease-free survival).
Using the data on diagnosis, treatment, and follow-up provided by clinical cancer registries, the success of QA procedures (e.g., compliance with QIs) can be monitored. Based on the analysis of two QIs for breast cancer patients we were able to demonstrate the consequences of guideline-concordant therapy. Current state of the art for patients with SHR-positive breast cancer is AHT for at least five years [6, 24, 25] . However, data from clinical cancer registries show that AHT is often terminated before the end of five years [22] . Simultaneously, these data also show that nonadministration or inadequate administration of adjuvant hormone therapy results in lower survival rates. These findings reinforce the importance of complying strictly with guidelines. One limitation of a study which uses patient data from populationbased cancer registries could be that this data primarily covers subnational or regional districts and does not reflect the entire population. The regional data might not be representative of national data due to regional variances such as risk factors or access to early screening. However, the strength of the data is that it reflects routine healthcare provisions. Consequently, these data can be used to analyze the structures of patient-centered care.
Conclusion
! Cancer registries are important as they provide vital information for the evaluation of healthcare services and QA for breast cancer patients. All cancer patients should therefore be reported to a cancer registry, and data should include relevant information on diagnosis and therapy. With their population-based and regional analyses of long-term follow-up, cancer registries contribute to QA. An essential precondition for a functioning clinical cancer center is the cooperation of the different health service providers who transfer patient data to the clinical cancer registries. 
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